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U-C; I.NTERNATIONAL NlCKEL Ll.\;3TED, 

(KSi-ignces of Robert Douglas Schhlleng) 
a British Company, of Thames House, Mill- 
bank, London, S.W.I, do liereby declare the 
5 invcniion, for which wc pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by tlic following state- 
ment; — 

10 This invention relates to graphitic cast iron 
having controlled graphite structure and an 
improved corabinadon of propertifs, 

Flake graphite cast iron, that is to say, 
graphitic cast iron in which the graphite is 

15 dispersed in the form of irregularly shaped 
flakes, has been used for many years as an 
engineering material on an enormous scale. 
It has many advantages, notably its cheapness, 
its pood founding properties, which include 

20 fliu'dity, resistance to the formaiitm of shrink- 
age cavities in castings which arc difficult to 
feed, freedom from dross effects, and low 
cbillini; tendency, together with generally use- 
ful mechanical propcnics. On the other hand 

25 flake graphite cast iron lacks toughness, owing 
to the preat number of weakening discontiniii- 
u'es ;uid notches introduced into the structure 
of [lie castings by the graphite flakes. 
The most striking advance in the technology 

30 of cast iron in recent years has been the dis- 
covery of spheroidal graphite cast iron, in which 
some or all of the graphite appears at low 
magnifications as compact, soft, grey-coloured, 
rounded particles, usually nearly circular in 

35 scctinn, or as conglomerates or groups of 
such panicles. The occurrence of the graphite 
in this form results from the presence in the 



iron as cast of conirBllcd residual amounts of 
magnesium, as described and claimed in our 
Patent No. 630,070, cerium, as described and 
claimed in Patent No. 643.862, or both these 
elements in combination as described and 
claimed in our Patent No. 685,083. The 
change in graphite form from flake to spheroi- 
dal has made possible the production of cast- 
ings having very high strength and useful 
values of ductility as compared to fiake gra- 
phite cast iron. Spheroidal graphite cast iron 
IS now well established as a foundry product, 
and its use in the form of castings in industry 
h expanding each y&r. 

Spheroidal graphite cast iron has, however, 
one substantial tUsadvantage, namely that its 
founding properties arc not so good as those 
of flake graphite cast iron of the same base 
composition. In particular, it has higher 
shrinkage and doss not flow so easily, with 
the result that it is difficult to produce sound 
thin-walkd castings of complicated shape in 
quantity. An example of such a casting is the 
cylinder block of an interna! combustion 
engine for a motor cur. Such cylinder blocks 
arc normally cast in grey iron with flake 
graphite, and although the increased strength 
of spheroidal grnphiic cast iron would ob- 
viously allow a cylinder block to be made 
lighter, and so increase the powcr-to-wcight 
ratio of the engine, it has not proved prac- 
:icable to use spheroidal graphite cast iron for 
this purpose. 

AnotiiL'r disadvantage nf spheroidal graphite 
east iron is that its thermal conductivity and 
resistance to thermal shock are lower than 
those of flake graphite cast iron, and accord- 
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^gty It has not hsen much used for the pro- 
ducdon of such articles as lighc-weight bralcc 
drums and ingot moulds, 

Anotlier property in which spheroidal gra- 
phite cast iron is deficient in comparison with 
flake graph ire cast iron is its damping capa- 
city, that IS its ability to damp vibrations 

Uiir objea in this invention is to produce 
consistendy on an industrial scale cast iron 
J" having sabstantially better founding proper- 
ties than those of splicroida! graphite cast iron, 
and mechanica! properties substamialJy greater 
cJian those of flake graphite cast iron. 
It 15 known that the introduction of mag- 
15 nesium into_ cast iron does not always kad to 
fully spheroids] graphite structures, and indeed 
ir^i^^i, proposed in our Specification No. 
671.457 to produce cast iron with "raph'fe 
in a form intermediate between flake and 
spheroidal by using smalJer residual m^"- 
nesmm contents than are required to give "a 
mlly spheroidal structure. In -practice how- 
ever, ir is impossible by this means to'ob'ain 
castings with reproducible propanics on -'n 
industrial scale. The various t)'pes of graphfic 
that have been observed have been discu^cd 
by Donoho in a paper published in "Modem 
Castings" for July 1961 at pa-fs 65 ro 71 
inclusive. The types of graphite described end 
•su illustrated by Donoho include one identified 
as vermicular" graphite, ..vhich n?': fc-er. 
found from time to time on an unD^edictabl- 
basis^m certain castings. The term "verm?- 
35 '^Y', ^^P^'^^ I'scd in this specification 
and clmms m the same sense as by Donoho 
in ttjc paper referred to above 

The present invention is based on the dis- 
covery that a controlled vcrinicuiar graphite 
siracture can be produced in graohilic cast 
Ton by mcorporaimg controlled amounts of 
rnagncsium and cenum (or other metal of 
Group rriB of the periodic table), together 
with ntamum in amounts substantially areater 
than occur adventitiously in cast iron The 
« resulting _ vcrmiGjlar graphite cast iron is 
characterised by mechanical properties much 
better than tliose of flalce g/aphit- cast iron 
of essentially the same base composition and 
50 rh ^""f'^J".? properties, thermal conductivity, 
thermal shock resistance nnd dampiaj capacity 
better t^,n_ those of spheroidal irajhite^ S« 
iron. A typical microstructure of a vermicular 
graphite iron according to the invention is 
siiov/n in the accompanying drawing, which 
nf im r'™^''P^ ^ magnification 

of 00 dramctcrs It wiil be observed that 

in form, the remnrnder being spheroidal 
60 .W'* invention the" gra- 

M phite in graphitic cast iron is caused to 

separate prcdommantiy in the vermicular form. 

Ud^ ,n the vermicular form, by incorpo.Jin. 

65 from 0 H /T<P;*'°^ "-^^^^ n'^'gnesium: 
m from 0.15 to 0.5% titanium and from 0.001 



to 0.015% metal from Group MB of the 
periodic table Of the Group lo metals ve 
prefer to employ cerium or the cerium allov 
Imov/n as mischmetal, and for convenience 
this group of metais will be referred to herein- 70 
alter as cenum. 

It is well know'n that both iiiaqnesium and 
cenum readily combine with sulphur to form 
su.p.Hdes and the rcsulrant sulphides may 
n.ut in the moitcn iron and be entrapped in 75 
u", -'f^'^ ' ^"'P'^'des do not exert the 
beneficial effect of eiementnrj' magnesium and 
cenum, and all references m [he'comcnis of 
magnesium and ccr-um or other Group HIB 
mcra m thi present .sjiccifk-atfon rcliite to the «0 
metals m the elementary form. 

The three elements magnesium, titanium and 
cenum cooperate to control the occurrence 
, .! '^%f' P''"". predo,ninnnt!y in the vcrmi- 
CLinr form, and it is important tJiat tach of 85 
nun ^ IS present within the ranges set forth. 
li on.y two of them are present, the desired 
i !ru ^^^f^i^ '-■""'"'t be obtained reliably, 
.r a all, and ;he properties of the resulting 
.'"rn^fh 1"°^ "^'P^" <=''''^r of M 

J-ength or foundmg properiies. Substantially 
i-nt same is true if two of the thre- c'emcnts 
are present within the defined ranges, and 
^n. third clcraent is present in either a less'-r 
greater amount than the defined ran-e 95 
V. hen magnesium is absent, or present in 
amounts less than 0.005%, the graphite occurs 
L" the flake form, and the strength of the iron 
reduced. Increasing the cerium content in 
such irons causes the flake i^raphitc qniL-nir^ Utfi 
to change abruptly from f^.keVo 
At magnesium contents of 0.m'i% and Mbovi-' 
preferably at least O.Or/, ih= de.ir.d pre- 

obtS'^\"'™=^"'^^ ^''^^'^ '^'"-'-e ^ 
obtained vyhcn titanium and cerium are also 105 
present withm the ranscs set forth Ariv,„ 

stracture with an accumpanyins undesirable 

reliably be obtained in the vermicular form 
3ince the graphite occurs as f^ake lo v 

Ctcnds rot'" r''"''^ ^-^^ 120 
lorm tends to transfnrnj abruptly from flake 
spheroidal as the content of ^ei^he" mag! 
value Prrr^'K,"' 'l'"^{==sed above a critical 
least 0 2y 'n'' is at 

east 0,2/. On the other hand when the 125 

the urface of the liquid iron and tend to cause 
surface defects on casting, poured from it 

When cerium is absent, jiake graphite or 
mixtures of flake and spheroidal gVh 1 arc" 130 



formed and th: strength of the iron is low. On 
the other liiind, when the cerium content ex- 
ceeds O.OIS')',, excessive amounts of spheroi- 
dal graphite are again formed in :lie structure 
5 and the shrinkage of the resulting castings is 
undesirably increased. The tendency of such 
irons to chill is markediy increased even in 
iDoderately thick castings. Preferably the 
ceriEim content does not exceed 0,01%. 
10 Miist advantageously the cast iron of the 
invention contains from 0.01 to 0.04% mag- 
nesium, from 0,2 to 0.5% titanium and from 
0.002 to 0.01% of cerium or other metal 
of Group niB of the periodic table. 
15 The chilling tendency, i.e. the tendsncy 
for the iron to form massive carbides and sc 
to he white, of the cast iron of the invention 
[% lower than that of a spheroidal graphite cast 
iron,^ and in the absence of other carbide- 
20 forming elements it is approximately propor- 
tional to the magnesitmi content. For castings 
in whkh a low chilling tendency is required, 
for example tiiose having section sizes of one- 
quarcor inch or less, it 'is therefore desirable 
25 to 'JSC magnesium contents at the lower end 
of the ranges set forth, e.g. about 0.01%. 

The cast iron of the invention may be 
either alloyed or unalloyed, and it may have 
any matrix Structure characteristic of alloyed 
30 nnd unalloyed graphite cast iron in the as-cast 
or heat-treated conditions. For example the 
ns-cast^ matrix inicrostructure may be ferritic, 
pcarlitic, aiistenitic, martensitic 'or aciailar. 
Generally speaking the base composition of 
35 the iron may contain from 2 to 4 '/, carbon, 
from 1.5 to 5.5% silicon, from 0.1 'to 2,5% 
manganese, up tn 0.2/, phosphorus, and not 
more than 0,025% sulphur. Preferably the 
carbon content is from 3 to 3.6%, the silicon 
40 content is from 2 to 2.6-%, the manganese 
content is from 0.2 to 0.7% and the sulphur 
content is mi more than 0.02%. 

Nickel is an important alloying element, 
and may be present in amounts up to 56'X. 
45 The addition of nickel improves the properties 
of the matrix, particularly its strength, and 
does no: detrimentally aiTect the graphite 
strticture. Thus, at nickel contents up to about 
5'/., each additional per cent of nickel may 
50 increase the tensile strength of the castings 
by about 6,000 pounds per square inch (p-S.i^), 
At nickel contents above about 20'/, the 
matrix becomes austenitic. 
The carbide-forming elements chromium, 
55 molybdenum and vanadium do not appear to 
affect the formation of the desired vermicular 
graphite structure, and the iron may contain 
up to 1% chromium, up to 2% molybdenum 
and up to 0.5% vanadium. These elements 
60 do however increase the chillinR tendency of 
castings containing them, and they arc there- 
fore t<] be avoided wlten it is important to 
prevent the chill of the castings. However, 
in the presence of nickel in amounts sufficient 



to render the matrix austenitic, the contents 65 
both of ihc carbide-forming elements chro- 
mium, molybdenum and vanadium, and of 
manganese, may be higher than those set forth 
above. For example, austenitic castings may 
contain about 2% of chromium. 70 

Zirconium is an element which may advan- 
tageously be present in thai it appears to have 
the same effect as titanium, but rlie loss of 
zirconiiiin when this is added to molten iron 
is such that it is difficult to produce an iron 75 
with a residual zircomum content of more 
thiin 0.05%. 

The elements copper, tin, lead, antimony ' 
and bismuth are undesirable impurities, since 
tijey inrsrferc with the controlled production gG 
or vermicular graphite. In fact, in the presence 
of the substantial am.ounts [if titanium which 
are included in the irons according to the 
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invention these elements have the 
cfifect of tending to fomi spheroidal gr^phiteT 
Thus, when the magnesium content is 0.04% 
or above the copper content sho\ild not exceed 
0.5% and the tin content should not exceed 
0.03%, As the maSRcsiuni content is decreased 
below 0.04%, the tolerances for copper and tin 90 
arc increased until at a magnesium content 
of abotic 0.02%„ a copper content up to 2% 
and a tin cnntem up to 0.15% may be per- 
mitted without an undesirable formation of 
spheroidal graphite being encountered. The 95 
lead ctintcnt should not exceed 0.01%,, and 
the antimony, and bismuth contents should not 
exceed 0.01% each. 

Aluminium is a particularly undesirable 

is not employed as a deliberate 100 
addition. This clement is detrimental tn found- 
ing properties, since it produces a sticky, 
slaggy melt of decreased fluidiiy and yields 
a drossy casting having a poor surface, parti- 
cularly on the cope side. The alumii^ium con- 105 
tent should therefore not exceed 0.05%,. Boron 
is another undesirable clement, since it strongly 
tends to form massive cementitcs and odier 
imdesirable forms of carbide which arc diffi- 
cult ro remove by annealing the castings. UO 
Accordmgly the content of this clement should 
not exceed 0.002%. 

The cast iron of the invention may be 
produced with the use of any type of furnace 
coni.niiinly employed in the 'production of 115 
foundry grey cast iion. It is important that 
the melt to be treated should have such 
graphitising power that if cast, if necessary 
after graphitising inoculation, it would be 
a grey cast iron suhstaiuially devoid of massive 120 
carbides such as occur in white cast iron, 
if the sulphur content of the melt exceeds 
0.02%, it is advantageous to lower it to 
^•^\%.or I«s by means of common de- 
sulphurising techniques before incorporating 125 
the controljcd amounts of magnesium and 
cerium. This is particularly important if the 
residual content of magnesium should be 
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low, e,g, C,Oi%. Desulphurisation may if 
desired be effected by a preliminary treatmenr 
with magnesium. 
After bringing the meic to a suitable casting 
5 temperature, e.g. in the range 1425 to 1540° 
C, additions of cerium or other Group IIIB 
ciemeot, magnesium and titanium are made 
to provide residual contents of these elements 
within the ranges set fonh above. Titanium 
10 is commonly found in cast iron in small 
amounts less than those required by the in- 
vention, whereas magnesium, cerium and ether 
Group IIIB elements arc not usually pTesenc. 
The amount of titanium contained in the 
15 molten cast iron should therefore be ascer- 
tained and only the amount of titanium re- 
quired to adjust the titanium content of the 
bath to the required final level should be 
incorporated in the bath. 
20 Shortly before casting, an addition of gra- 
phitising inociilant is made to the treated melt, 
suitably in an smount smlicient to introduce 
at least 0.3% silicon, e.g. 0,3 to 0,7% silicon, 
and the mek is then cast. A suitable inoculant 
25 is a fcrrosilicon alloy containing B5% silicon, 
0.5% calcium and the balance iron. When 
castings of thin section, e.g. one eighth inch 
or less, are to be madcj the '"'instant inocula- 
tion" procedure may advantageously be em- 
30 ployed, wherein a few grams of powdered 
inoculating alloy, e.g. ferrosilicon, is intro- 
duced into the feeder gate of the mould prior 
to pouring the casting. Castings produced in 
accordance with the invention may if desiri2d 
35 be heat-treated in knov/n manner to decom- 
pose carbides or pearlite. 

As mentioned above, elements from Group 
IIIB of the periodic table other than cerium, 



for example jltrium, lanthanum or other ele- 
ment of the lanthanide or rare earth metal 40 
series may be employed in the place of cerium. 
References to the "priodic table" herein arc 
made to the "Periodic Chart of the Ele- 
ments" set forth at pages 56 and 57 of 
"Handbook of Chemistry", compiled and 45 
edited by Norbcrt Adolf Langc, Tentli Edi- 
tion, iVlcGraw-Hill Book Company, 1961. 
Alischmetal, which generally contains about 
50% cerium and about 25%, lanthanum, the 
balasce being other rare earth elements, is a -50 
satisfactory cerium-containing addition mat- 
eria] for the production of castings in accord- 
ance with tile invention. It is found in prac- 
tice that when such a niischmctal alloy is 
added to molten cast iron lanthanum recovery 55 
is only about one-half as grc.it as is the cerium 
recovery. It will be appreciated that cerium 
or othtir Group IIIB metal can be added tu 
the molten cast iron eithor in the mci.illic 
form or in the form of a compoimd, u.i;. an 60 
oxide, which is reducible to iiiL-tnl in the 
bath. 

By way of example, tlic compo.?irions of 22 
castings of irons in accordance with the in- 
vention are set out in Table I and their tensile 65 
properties and hardncs.s, determined from 1 
inch keel bar castings in thi! a.^-cnst condition, 
are set out in Table II. The last ctilumn in 
'fable II indicates the graphite structure ob- 
served in castinr;s of iron of 2 inch section. 70 
Each of the castings in Tiiblc I was produced 
using a niischmctal alloy containing about 
50% ceriu.Ti and about 25'/;. lanthanum and 
contai.ied ceriutn and lanthanum in a ratio of 
about 4 to 1. The balance of each composition 75 
was iron. 



Table I 





— 






Iron 




Composition (% by weight) ~~ 








C 


Si 


Mn 


Ms 


1 Thi 


Ce+La 


s 








1 


3.34 


2.53 


0.23 


0.013 


0.15 


0.004 




^ — 






2 


3.44 


2.59 


0,24 


0,023 


0.23 


0.006 


0,015 








3 


3.23 


2,56 


0.25 


0.007 


0.28 


0.009 




<0.002Pb 






4 


3.40 


2.57 


0.25 


0.016 


0.27 






<0.002Pb 






5 


3.43 


2.61 


0,25 


0.023 


0.27 


I'm 


0015 


<0.002Pb 






6 


3,31 


2.57 


0.24 


0.013 


0.28 


0.006 




O.OOSPb 








3.36 


2,54 


0.25 


0.011 


0,29 


0.005 




O.OOSPb 






8 


3.43 


2.54 


0.25 


0.019 


0.28 




0,015 


O.OOSPb 






9 
10 


3.61 


2.20 


0.!4 


0.042 


0,20 


o'Z? 


0.020 








3. 63 


2.10 


0.13 


0.015 


0.22 


Ill 










11 

12 


3.27 


2.26 


0.31 


0.013 


0.31 


0.005 










3.33 


2.33 


0.29 


0.014 


0.27 


0.005 


0.0i7 


0.78 Ni 






13 
14 


3,20 


2,41 


0.29 


0.019 






0.015 


1.58 Ni 






3.28 


2.28 


0,43 


0.015 


0.34 


0W7 


0.019 


-_ 






15 


3,27 


2,40 


0,63 


0.017 


0.29 




0,015 








15 


3,26 


2,31 


0.29 


O.OIG 


0.30 


0.005 


0.019 


0-12 Cr 






17 
18 


3,22 




0.29 


0.017 


0.25 


0.006 


0,018 


0,15 Pb 






3.5 


2,3 


0.3 


0.023 


0.33 


0.006 


0.015 








19 


3,50 


1.73 


0.65 


0.015 


0.35 


0.003 


0.015 








20 


3.26 


1.89 


0.33 


0.107 


0.34 


0.003 


0.015 








21 


3.07 


2.28 


0.41 


0.013 


0.35 


0.006 


0.015 








22 


3.5 


2.3 1 


0,3 


0.008 j 


0.23 1 


0.005 


0.015 
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Table II 



Iron 

No, 


Tensile 
StrenEth 


Yield 
Strength 
k.s,i. 


Elongatioiij 


Modulus 
p.s.i. 


Hardness 
BHN 


j VeriTticular 
Structure 
I Spheroidal) 


1 


47.4 


38.1 


5.5 


20.7 X 10" 


137 


I 80% 


2 


49.4 


39,9 


6.5 


20.9 X 10= 


140 


60».;, 


3 


46.2 


38.3 


4 


20.0 X 10" 


143 


9<}% 


4 


50.1 


40.8 


5.5 


20.0 X 10' 


148 


B0% 


5 


51.2 


41.3 


7.3 


20.7 X 10« 


140 


70% 


6 


42,8 


34.8 


4.5 


19.1 X I0« 


131 




7 


45.4 


36.5 


5.5 


23.0 X 10" 


131 




8 


48.9 


39.5 


5.5 


17.8 X 10^ 


137 


60% 


9 


47.3 


38.8' 


6 


21.0 X 10" 


136 


%% 


10 


44.6 


36.0 


6 


20.7 X lO^^ 


- 


90% 


U 


49.1 


40,4 


2,3 


22.6 X lO'' 


156 


95% 


12 


53.6 


45.6 


1.3 


22.5 X 1D« 


153 


90% 


13 


58.7 


50.7 


1.5 


21.6 X 10» 


187 


90%. 


14 


54.3 


43.9 


1.8 


20.0 X 10' 


174 


90%, 


15 


55.2 


46.0 


2.0 


22.5 X 10= 


179 


95% 


16 


51.1 


43,7 


1,8 


21.6 X 10'= 


179 


90% 


17 


52.1 


44.2 


2,0 


22.7 X 10" 


168 


95% 


18 


52,5 


43,9 


6.5 




143 


70% 


19 


53.8 


41.7 


2.5 




178 


98'X, 


20 


51.1 


40.7 


2.0 




163 


95^;, 


21 


47.4 


44.0 


1.0 




170 


100% 


22 


53.7 1 


43.9 


7,5 




140 





by variations in section size over the range 
onc-quEiner inch to 2 inches. It will also he 10 
observed that the ten-sile properties urc not 
affca:tcd by Tariations in section size to any 
greater extent than are the properties of 
ordinary flake graphite cast irons. 



*k.s.i. = thousands of pounds per square inch. 

Castings of two funher irons, Nos. 23 and 
24, were prepared in the same way in a range 
of section sizes. The compositions of the irons 
5 are set out in Tabic III are their properties 
and microstruCTUre in Table IV. The results 
in Table V show that the vermicular graphite 
structure of the irons is not greatly Bffeeted 
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Iron 




Composition 


[% by weight) 






No. 


C [ Si 


AIn 


Mg 


Ti 


Ce 


Ni 


Fe 


23 


3.53 1.S6 


0.47 


0.018 


0.31 


0.005 




bil 


24 


3.48 j 1.90 


0.40 


0.023 


0.28 


0.005 


1.53 


bal 



Table V 



AJaterial 

Vermicular graphite iron of this 
invention 

Flake graphite iron 

Spheroidal graphite iron 



Thermal conductivity D/mpiK 
Cal./cni'./sec./cni./°C Capad^ 



about 0.11 
about 0.12 
about 0.08 



0.6 
1.0 
0.34 



Iron 
No, 


( Section 
Size 
inches 


Tensile 
Strength, 
k.s.i. 


Ticld 
Strength, 
k.s.i. 


Elongation, 
% 


BHN 


1 % Vermioilar 
graphite 
(Bal. spheroidal) 


23 


1/4 


68,0 


48.3 


3.0 


194 


90 




1/2 


60.5 


43.4 


4.0 


187 


75 




i 


54.5 


40.4 


3.0 


168 


95 




2 


49.2 


37.3 


3.0 


149 


90 


24 


1/4 


86.1 


63.0 


3.0 


222 


90 




1/2 


73.2 


53.2 


5,0 


207 


60 




I 


61.9 


47.6 


2.5 


196 


70 




2 


58.3 


44.9 


3.0 1 


179 


80 



-S^t/jTTlySf'ric^S.^rS ^^1"^ '^^^ T'''^^ ^ vibrational 

.nyention were alio determined and con^L el omtS Tnln"''"'^'" P'"' ^" 

«'U-h those of Jiafce graphite and snheroidil 1^00 p.s.i. m compression 

graphite iro.s of the 'saff base coIpS^ mplUuToflb?.'."^?'^ '''J'' '''^ 

with the results set out in Table V Damoine Zi^^n. I t ^'^^ decreased initially when 

capacities were determined by appljjng "o ^ 
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In order to demonstrate the improved feed- 
ing properties of the vermicular graphite cast 
iron of the invention as comparsd with sp'ieroi- 
daJ graphite cast iron, valve body test casti/igs 
5 of complicated configuration \vc:e made in 
fdentical moulds designed to provlie poor 
feeding conditions. The cast iron of the h- 
vention contained 3.73% carbon, 2.31% sili- 
con, O.Ig% manganese, 0,010'/ maffnes^nm, 
10 0.25% titanium, 0.009% cerium and had 
graphite jr the vermicular form. The spheroj- 
dal graphite iron casting was made in the 
same base iron and contained about 0 05?^ 
_ magnesium, Tiie castings were sectioned longi- 
15 tudmaily, and it was found that the casting 
according to the invention wss almost com- 
pieiely sound while the splieroidal graphite 
iron casting was characterised by severe shrink- 
age cavities in the poorly fed areas. 
20 The vermicular graphite cast iron of the 
invention is parriculariy suitable for use in 
maiang cast cylinder blodcs for inrcrnai com- 
bustion engmes, ingot moulds and brake 
drums, particularly brake drums cast inte- 
25 graliy with the hub. It may also be employed 
for a Wide range of otiier castings requiring 
Its advantageous combination of propcnics, 
including pumps, valves, cam shafts, gears, 
gear boxes, and gear carriers, ioternal com- 
30 buslion engine cylinder heads, piston rings, 
sealing fms, hcat-ircatina pots, paper miJJ 
roIJj, machine beds and ftaraes, transmission 
cases and the like, 
WHAT \VE CLAIiW IS: — 
35 1. Alloyed or unalloyed graphitic cast iron 
concammg from 0.005 to 0.05% magnesium, 



from 0,15 to 0,5% titanium and from O.OOl 
to 0.015% metal from Group IIIB of the 
periodic tDble and as cast having a micro- 
stninurc in which the graphite is present 40 
predominantly in the vermicular form. 

2. Cast iron according to claim J in which 
the magnesium content is from 0.01 to 0.04-/., 
the titanium content is from 0,2 to 0 5"/ 
and the conient of Group IIIB metal is from 45 
O.OOI to 0.01%. 

3. Cast iron according to claim I or claim 
2 having a carbon content from 2 to 4%, 
a silicon content from 1.5 lo 3.5%, a man- 
ganese content from 0.1 to 2.5%^ a phns- 50 
phonis conient not more than 0.2% and a 
sulphur content not more than 0.025%, 

4. Cast iron according to claim 3 in which 
the carbon content Is from 3 [n 3.6%, the 
.siiicon content is from 2 to 2.6% , the 'man- 55 
ganese content is frnui 0.2 to 0.7% and the 
sulphur content is not more than 0'.02/., 

5. Cast iron according to any one nf claims 
1 to 4 m which the Group IIIB metal is 
wholly or predominantly cerium. ^ 
_ 6, An engine cylinder block cast in iron 
m accordance with any one of claims 1 to 5. 

7, An ingot mould cast in iron in accord- 
ancc with any one of claims 1 to 5. 

8. A brake drum cast in iron in accordance (5 
With any one of claims 1 to 5. 

For the Applicants; 
GILL, JENNINGS & EVERY. 
Chartered Parent Agents, 
51/52, Chancery Lane, 
London, W.C.2. 
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